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General methods and materials
Thin layer chromatography (TLC) analyses were performed on silica gel 60 F-254 with a 0.2 mm layer thickness. Detection via UV light at 254 nm / 365 nm or through staining with ninhydrin in EtOH. Column chromatography was performed on silica gel (70-230 mesh) from Merck. Commercially available solvents of standard quality were used. All reagent-grade chemicals were used without further purification unless otherwise specified. Phospholipids were purchased from Avanti Polar Lipids Inc. NMR spectra were recorded on Bruker Avance 300 and 600 (1H: 300.1 and 600. Luminescence spectra were recorded on a Varian 'Cary Eclipse' fluorescence spectrophotometer with temperature control using 1 cm quartz cuvettes (Hellma). The spectra were recorded in phosphorescence mode using the following parameters: total decay time (s) = 0.02; no of flashes = 1; delay time = 0.1 ms; gate time = 5 ms. Absorption spectra were recorded on a Varian Cary BIO 50 UV/VIS/NIR Spectrometer equipped with a temperature control using 1 cm quartz cuvettes (Hellma). PCS measurements were performed on a Malvern Zetasizer Nano at 25 °C using 1 cm disposable polystyrene cuvettes (VWR).
Synthetic Scheme
Synthesis of Zn 2 Trp
The amphiphilic Zn 2 Trp complex was synthesized starting from 1. The synthesis of 1 was previously reported by us. 1 In the first step, 1 was coupled with 2 2 through an aromatic nucleophilic substitution to obtain 3. The t-Boc groups in 3 were then deprotected with TFA in DCM to furnish 4. In the final step, 4 was refluxed in MeOH in the presence of Zn(ClO 4 ) 2 to obtain Zn 2 Trp.
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Figure S1. Synthesis of Zn 2 Trp: a) K 2 CO 3 , dioxane, 90 °C; b) TFA, DCM, rt; c) Zn(ClO 4 ) 2 , MeOH, 65 °C.
Synthesis of compound 3
Compound 1 (165 mg, 0.155 mmol, 1eq) and 2 (90 mg, 0.218 mmol, 1.4 eq) were taken in a 10 mL round bottom flask and 1,4-dioxane (2 mL) was added to it. In the suspension stirred at room temperature, anhydrous K 2 CO 3 (64 mg, 0.46 mmol, 3 eq) was added. The reaction mixture was then kept for stirring at 90 °C for 12 h. The solvent was subsequently removed under high vacuum and the crude product was purified by a silica gel column (30% EA/PE; R f = 0.4). Compound 3 was obtained as a white solid (175 mg, yield 77%). 
Synthesis of compound 4
Compound 3 (140 mg, 0.095 mmol) was taken in a 10 mL round bottom flask and dissolved in DCM (3 mL). Then TFA (730 μL, 9.5 mmol) was added to it and the reaction mixture was stirred at room temperature for 3 h. The solvent and other volatiles were removed thereafter under high vacuum to obtain a brownish solid as a crude product. It was dissolved in 
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Synthesis of Tb-1
Tb-1 was synthesized following a literature procedure.
3
Synthesis of Zn 2 -C18
Zn 2 -C18 was synthesized following a literature procedure previously reported by us.
4
Synthesis of Tb-2
Tb-2 was synthesized following a literature procedure reported by us.
2
Preparation of vesicles
In small glass reaction vessels, required volumes of solutions of the lipid (9.6 mM in 
Receptor concentration on the vesicle surface
Assuming that the receptors distribute equally in the outer and inner surface 5 
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Sensing mechanism
Co-embedding of 
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Excitation Spectra
The excitation spectra (λ em = 545 nm) of vesicles embedded with Tb-1 and Zn 2 Trp resembled the absorption spectra of tryptophan chromophore suggesting the efficient sensitization Tb(III). After the addition of UTP or ATP, a decrease in the excitation bands was observed though the spectral pattern remained unchanged. 
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Sensing of α-Casein
Proteins generally interact with vesicle surface through non-specific electrostatic interactions. 7 To suppress these non-specific interactions and to gain selectivity for the phosphate anion zinccyclen receptor interaction, the vesicular surface was shielded by polyethylene glycol (PEG)
residues. Therefore, vesicles were prepared from mixtures of DSPC and DSPE-PEG350 (1:1 mol ratio) having oligoethylene glycol residues attached to its polar head groups. These vesicles showed very negligible change upon addition of non-phosphorylated protein BSA, but showed a decrease in Tb(III) upon addition of α-Casein (though the response was poorer compared to the other phosphate anions). 
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Size Exclusion Chromatography (SEC)
The bound analytes were removed from the vesicle solutions by size exclusion chromatography (SEC) small spin columns. 8 For this Sephadex G-25 SEC medium was swollen in buffer solution for 3 hr prior to use. 3 mL bed volume per mL of vesicle suspension was transferred into a small plastic syringe with filter support (without a plunger) and the solvent removed by centrifugation (Eppendorf bench top centrifuge, 14 sec @ 4400 rpm). Vesicle solutions were subsequently added onto the column and filtered by centrifugation.
Hill Equation
where, θ = the fraction of binding sites occupied 
